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B npe.zt~ymei-1. pa6oT~/I/ H.H.Eoromo6oBa H Hamett 6bIJI ·npe;z(JIOiiteH 

MeTO'A HCilOJII>3OBaHMH MH.zte~HHHTHOil MeTpHKH B aa;z(aqax KBaHTOBOH Teo

PHH IlOJIH. UeJII>ID,HaCTOHm.eli aaMeTRM HB~HeTCH: IlOHCHMTI> CMHCJ! npe'A

J!OiiteHHoro npMeMa nyTeM paCCMOTpeHHH HeROTOpon aHaJIOrHM, nocTpOeH

HOll B paMRax KJiaccnqeCEOH TeOpMM noJIH •. 

PaccMOTPHM 'AB8 RJiaccnqeCRMX noJIH, HanpMMep, ROMnJieRCHOe no-

Jie -y (x) M BemeCTB8HHOe X. (x) C JiarpaHiitH8HOM B38HMO'A8HCT-

mm: 

(I) 

IIone <p (x) 6y;z(eM cqnTaTI> aacToam.nM qmanqec1CHM noneM, a none 

X. (x) - (QHRTMBH&!M (B CMJ:lCJie/I/) H npe.ztcTamn! ero B BH;z(e paa

JIOJKemm 

(2) 

QqeBM'AHO, tJTO aHaJioroM "noJieii C MH.zteqiMHMTHOH HOPMOLi" B 

RJ1accnqecROH TeopHH nOJIH C>Y'AYT IlOJifl C OTPHUaTeJII>HOn 3Heprnen MJIH, 

qTo TO Ee CaMoe, noJIH C o6paTHhIM 3H8KOM y narpaHJKMaHa CBO6O:z(HOro 

IlOJIH. B COOTBeTCTBHH C 3TMM MJ:l aamimeM Tenep1, IlOJIHbltt JiarpamimaH 

R8R 

-------------------- . . x) MOlltHO C>bIJIO 61:1, ROHeqHo, cqHTaTI>, tJTO none -x... (x) CO'AePJKHT H 
"qi:mmqecKyro" COCTaBJIHrom.yro <(J (x). Tor.zta MJ:l npHmJIM 6h! R MO'AeJIH 
TeOpHH IlOJIH C o6uqHl:lM TpOfllli[M B38HMO'A8MCTBHeM. 
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(MbI oc5osHaq:vr1rn qepes M Macey noJIH cp (x) H qepes nvt\, - MaCCbI (l)ll!C

€ = - ! COOTBSTn, THBHblX IlOJieH 'f/1, (x)), r.zte En,=± I, IlOJIHM C 

CTBOBaJia c5bl J3 KBaHTOBOti: Teopim liH.zte{flvIHHTHaH' MeTpmm. 

Bap:&lipOBaHvre (3) .ztaCT HaM 

(o-M 2)y>(x)~-Jf cnf~ (x) <p{x)~-T(x) (4.I) 

(o- m:) 'flt/ (x)~-1c11,eff,y (x) <p (x)=-Jll/·(x) (4. 2) 

,7.(eticTBYH Tenep:o KaK np11' OC>biqHQJ.1 J3bll30.zte CQOPMaJIH3Ma ffHra-ctieJI.ztMaHa, 

MOJKeM nepemrnan (4.2) B HHTerpaJI:&Hof.i wopMe: ' 

'f,, ( x) c <f t'(x )-f D:: ( r - x ) /~ ( x) d x' (5.I) 

. Mli 
on-/; j adv , . , 1 

w (x)= cO (x)- D (x-x )jn (J() d x r"' T ,i- . rntt, . . . (5.2) 
ui, 

r.zte, KaK OC>biqHo, na.ztaro~ne IlOJifl ({J (x) no.ztqHHHIDTCH CBOC>d.ztHbIM 
. Jr,, 

ypaBHeHHflM H COBna.ztaIOT C cp, (x) npH 1; ~ - Oo ' a yxo.ztH~Me nomr 
ant J "" <f, (x) -- IIpH, 'C - + 00 • CKJia.ztbll3afl H BlirnHTaH 3TH ypaBHeHHfl H 

n -
BBO.ztH CHMMeTpnqHue WYHK~Hli rpvrHa D,,,,, (x) H nepecTaHoBoqHble WYHK~HH 

Ilay.riH-l'IOp.ztaHa /J /1, (x) '.ztJIH noJieii C :i.mccaMH - h1--,r C IIOMO~:&IO oc5ritnU1X 

COOTHO!ll8HHti: 

wl - () aolv -
Dm11, (x)=-Dn.(x)+-J:-Dn,, x; /Jni,11,(x)=-On(x)-k .On.{x) (G) 

noJiyqHM BMeCTO (5) 
. . owl i11,, 

~- ( x) = 'f .,,_ (x~ - <f ~ (x) = f j !Jn. (x-x)j ti -(x) olx ' (7 .I) 

H 
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oti-1: in, 

U ( ) - tp 11- (x)-t 'ft,,, (x) JD ( ') .. ( ') cl , ( ) X =· X-x j X X -c/J X w 2, If, . n, . . T11,, (7.2) 

B eooTBeTeTBHe e HaMeqeHHOW B/I/ nporpaMMOH Mb! XOTHM, 't!T06bl 

qJMI\THBHble IlOJIH eeJIH 6bl M HeeJIH ;=meprmo, m.mym,e H .I{pyr:trn .I{HH8.},mqee1me 

xapaKTepHeTHKH, TO BO BeHIWM enyqae He MOrJIH 6bl o6MeHHBaTI>eH HMM sa 

Bee BpeMH eoy.I{apeHHH e (iJH3HqeeKHMI1 nonm.rn. HHmm eJioBaMH, Mhl XOTHM, 

llT06bl aeI1MilTOTI1qee1t11e 3HaqeHHH np11 -{; ~ + DO I1 npH t; - = - oo · · 

TaltllIX ,I{l-IHaMHqeeKMX xapaKTep11eTI1K qJHKTHBHblX noneii <f},,,,, (x) eoBna,I{aJIH 

6bI .I{pyr e .I{pyroM. Ho Bee TaKHe xapaKTepHCTHKH (Mb!, KOHetmo, CtIHTaeM, 

"t!TO npH t; -- ± C>O B3aHMO,I{eHCTBHe BKJIIOqaeTen C IlOMOll\I>IO a,I{:tm6aTI1-

qe01coi,! r1m0Tes1,1) 6yJJ,yT np11 -/; = ± OO Bblpal!taTI>eH B BHJJ,e cyMM 

(HHTerpaJIOB) tIJieHOB BHJJ,a 

owf ow(; , <f~ (x). <f~ (x) H, COOTBeTCTBeHHO 
Ut,, 

<{),., (x) 

IToaTOMY, "t!TO6bl YJJ.OBJieTBOPHTI, ~ameMy Tpe6oBaHHIO, JJ,OCTaTO"t!HO 

HaJIOlKHTI> ycnomrn . 

oivb 011,t , I IH, 11v I -

cp w (x)f n, (x)-f,., (x)<flj, {x) =O. (8) 

. o,v/; . 

'fw (x), BBeJJ,eHHhle B (7) ITO.I{CTaBJIHH.B (8) BMeCTO 

IlOJIH I,.{., (x) H V- (x), Mb! npH,I{eM K paBHOCHJII,HOMY (8) yenon:mo 

(9) . 

. 
LiTaK,. ti:T06bl YJJ.OBJieTBOPHTI, TOMY Tpe6onamrn, "t!TO6bl SHeprHH H 

T.n. He nepe;naBanacI, 6bl Hec}):t13H:tleCKHM IlOJIHM, ,I{OCTaTO"t!HO IlOTpe6oBaTI,, 
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't!TO6L! 

ll,., (x)-; (9a) 

od m-
ftv (x)+<fti- (x) ==-'0 

2 

:mrn 

V: (x) ==-

o;vt ~ 
tfJ~ (x.)-<f11,, (x) :::0 x) 

2 (96) 

BO3BpamaHCL Tenepr, K ypaBH8HHHM (7), BH'AHM, qTo yCJIOBHfl (9a) 

H (96) OKa3bIBaIOTCfl rrpHH~HIIHaJILHO COBeplIIeHIIO pa3JIHqHoro xapaKTepa. 

.I{etic:rnHTeJILHO, ycJIOBHe (96) Tpe6yeT o6panieHHfl B HYJIL CTOHillero B 

rrepnoii qacTH (7.I) MHTerpaJia OT crHsHqecKHX noJieit. <p (x). nosTOMy 

OHO Oita3bIBaeTCfl YCJIOBHeu, HaJiaraeMhIM H Ha ·g)H3H't!8CKYIO qaCTL CHCTeMbI, 

H HCHO, qTO ero BblIIOJIHeHHH MOlKHO 'A06HTLCH JIHWL npH HaJill[qll[ll[ y g)H3H

'!!8CKOH tiaCTH CHCT8Mbl HeKOTOpbIX OCO6bIX CBOMCTB. 

HanpoTHB, ycJIOBHe ( 9a) He IIaJiaraeT Ha QJH3HtieCityIO traCTI, CHCT8MhI 

HHKaKHX orpaHHqeHHil:. EJiaro;z:(apH TOMY, qTo B rrpaBoti qaCTH ( 7. 2) CTOHT 

KpoMe ~HTerpaJia oT WHSHqecKHX noJiew <f> _ (x) enie· H ne~HaHqecKoe· noJie 

<.pi,i, (x), Mb! ,z{Jifl JII06h!X• .''f (x) ncer.z{a MOJiteM 'y'AOBJieTBOPHTL (9a) aa 

cqeT BhI6opa <fw (x) ~- ypanneHHfl (7.2) 6y.z{yT Tor.z{a npocTo onpe'AeJIHTL 

HeqiHaHqecKHe II01IH <f w (x) tiepea HHTerp~m,1 QT clJH3HtI8CKIDCnoJie:ti.· 

ItlTaK~--Mhr-Bcer;l(a--Mo'1teif1IaJioiHTii- Ha CHCTeMy ycJIOBHe (9a), ue onacaHcL 

B03HHKHOB6HHH KaKHX-1IH60 npoTHBOpeqHtlxx). 
·-------· 

x) Ha caMOM ,z{eJie', HeOC>XO'AHMO 6b!1IO 6bI Tpe6oBaTL He BhIIlO1IH8HHH (9a) 
BO ncex TOqKax, a TOJI!,KO o6panieHHH B HYJIL onpe'Ae1IeHHOro PO'Aa 
IUITerpaJIOB OT C~M qJieHOB TaKoro BH,z{a. IIOCK01ILKY STH JIHHetiHhie 
KOM6HHa~H 6h!1IH 6u ;z:(OBOJII,HO MHOroo6pa3HhIMH, TO ;z:(eTaJILHhlil: ana
JIH3 Bonpoca O CYJI\8CTBOBaHnn TaKoil B03MOJJtHOCTH. 6bm 6u ;l(OCTaToq-
HO CJIO,itHbIM • · · ~ · ···· · --· -· - · 

XX).8a;eTHM 3'A8CL, qTo eC1IH 6h! Mb! IIOilbITaJIHCL ,z{06HTI,CH H8.0TCYTCTBHfl 
o6MeHa SHeprnen H T.n. HeqiH3H'tleCKHX COCTOHHHM c qJH3H'tleCKHMH, a 
OTCYTCTBHH y Heg)HaHqecKHX COCTOHHHM SHeprHH H T.rr., TO ;z:(JIH SToro 
ITOTpe6OBaJIOCL Oh! Ha1IOJJtHT!, O'AHOBpeMeHHO o6a YCJIOBHH H (9a) H ·(96). 
B CBeTe CKa3aHHOro HCHO, 'tlTO STO He rrpHBeJIO Oh! K npOTHBope'tlHIO 
TOJILKO ecirn 6LI CDH3H'tl8CKaH qacTI, CHCTeMbI 001Ia'AaJia 6u HeKOTOPbIMH 
OC06bIMH CBOMCTBaMHo 



- 5 -

BocnOJio30BaBJllllCI.i _3TI1M 06CTOffTeJII,CTBOM, MbI HaJIO:iitllM YCJIOBlle (9a), 

. qT061,1 BOBCe llCRJIIOqHTI:, Heqill311:J8CKHe TIOJIH </J rv (x) H pa6oTaTI.i B 

~aJI:r:.HetimeM TOJI:r:.Ko c o~HMM qmallqecmui noJieM . <p (x). 

l£ ~J; = i L f o!x dx' f (x) <y (x) K ( x-~); (x )·'f (x) (IO) 

H ypaBH0HHHM 'AmilKemrn 

( O - m, ~) <p ( x) = -J .t / o/ x '<r * ( x} cp ( x J K ( x -x ) <p ( x} (II) 

r~e H~p6 K(x-x) 

(
. ') -'.J - I . K x..:x. =l:En,c,i,o,,,,,(x,x) 

. "" 
(I2) 

· BbipaJKaeTCff ]3 ]3ll~e cyMMbl (HJIM llHTerpaJia, ecmI l3B0CT11 HenpepbIBHOe 

MHOroo6paane ciimtTllBHbIX TIOJieti:) OT .CHMMeTpHqHbIX rpl1HOBCKHX ©YHK~~ti 

I) tt, ( X - X ') C paaJIMqHbIMM MaccaMH hi--1v, : • fl CHO' tITO pacnopH-

·jJmffCI., ~omrmbIM o6paaoM K08qi(jlll~UeHTaMl1 C w H 3HaKOBbIMll MHO:iB:HTeJIHMll . .. . . . 

E iv , MbI MO:irteM C'AeJiaTii K(x) JIH60 cm1ryJIH~HbIM, Jrn6o B ateJiaTeJII.iHOM 

CTeneHM peryJIHPHblM • nocJie'AHee B03MOlKHO, TOJII.iliO aa C'tl:eT ~ony1IteHirn 

11HH~eg)HHHTHoti" MeTpnrm. B cJiytrae HenpepbIBHoro cneKTpa uacc MhI no

JIYtrHM BMecTo (!2): 
00 

. K (x - x 1J = j c/ ( ~ ~ f ( rn, ~ /J m ( >< -x) (!3) 
0 

~ 
r~e cneKTpaJII.iHaH · g)yHK~HH p ( m ) He o6rrnana B mmy c~eJiaHnmc 

aaMetram1ti 6bITii · IlOJIOlltHT0JII.iHOf.i • 

TaKHM oc5paaoM Mb! Bll;D;HM, qTo HCKJIJOtiaH Heqil13HtreCKHe nomi <.f. (x) 
. Ir 
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J,rn nepBOHat1am,uo nottam,Horo narpamirnaHa (I) c noMol.lr&I? ycnomrn (9a), 

Mbl npvixo;n;HM It Teop:rm THilHtIHO HeJIOitaJII,HOro BV!;n;a. 9TOT pesyJI:&TaT co

BepmeHHO ecTeCTBeHeH - MOJKHO ycTaHOBV!T:& npflMyro aHaJIOrHro Mem;n;y HV!M Vl 

non~TitaMH pH;n;a aBTOpOB/2/ VlCKJiroqHT:& sa cqeT Tpe6OBaHL1fl IlOJI:&3OBaT:&Cfl 

TOJI:&Ko norrycyr.maim sanas;n;brnaromnx H onepemaromux noTemi;uarroB Vl3 srre1tTpo

;n;1maM1-11tn Bcmwe IlOHflTV!e O fPOTOHax, CQJOPMYJIHpoBaB ee Italt tIV!CTYID TeopHro 

;n;aJI:&HO;n;eficTBHfl. IlorryqeHHOe fl;n;po (12) (V!JIV! (13)) He flBJifleTCfl npovis

BOJI:&HOfi WYH1tuview (x-x) 2, noc1toJI:&Ky B cviJiy cnottcTB WYHKUVlfi 'D oHo 

BOBCflKOM CJiytiae orpaHV!'!IeHO Tpe6oBaHV!eM 

~ 
K (x ) = o x2 < O 

Ilo;n;qepKHeM, qTo HeJIOKaJI:&HblM xapaitTep ypaBHeHVlfi (II) cymecTBeH

HblM o6pa30M CBfl3aH C uano:m:eHHb!M HeJIOitaJI:&HblM ycn:OBVleM (9a). )leHCTBVl-

TeJI:&HO' IlOCKOJI:&Ity qiyHitUV!VI [) flBJifllOTCa qiyumJ;I1flMVl rp:r,ma ypaBHeHVlfl 

KJieiina-rop;n;oua, TC> MorJio 6b! no1msaT:&CH, qTo ;n;nqiqiepeHuvipyn (II) ;n;omit

Hoe qHCJIO pas, MOJKHO 6bIJIO 6bl BO BCflKOM CJiytrae ;n;Jifl KOHeqnoro qHCJia 

qJV!KT1'1BHblX'noJieti BepHyT:&Cfl It ;n;viciiwepeHunair:&HOMY ypaBHenviro. O;n;Hatto, Ha 

· Ta1we ypaBHeHvie ottasaJivic:& · 6u uarro:m:eHHblMVI HeJIOKaJI:&Hble rpaHviqHble yc

JIOBVIfl, VI Teopna ocTanac:& 6u HeJiottaJI:&Hoti. 

SaueTV!M, qTo npH nepexo.7;te OT pacmmTpi-rnaeMoro s;n;ec:& 1macct1qec-

KOI'O npV!Mepa K KBaHTOBOMY CJiyqaro BO3HHKaeT o;n;V!H cymecTBeHHO HOBblM 

Mm~eHT. Katt Mb! n01msam1, nenottaJII,Haa TeopviH MO:m:eT 6bJT1> nonyqena ns 
' ' 

JIOKaJI:&HOll npn HaJio:m:eHVllll HeKOTOPbIX ;n;onOJIHHTeJil>Hb!X YCJIOBI1H }la IlOJieBble 

BeJIHqV!HbI. B KBaHTOBOti TeOpV!lll STV! ycJIOBVlfl MO~HO B npV!HUV!Ile Ha1tJia;n;1maT1> 

HJIV! Ha onepaT9pbI nom1, VIJIVl, ItaK ;n;onomrnTeJI:&Hoe ycno1me JiopeHua B 

3JI0KTpO;n;V!H8MV!Ke, pacm.mTp:r,rnaT:& V!X ItaK ycJIOBVlfl Ha ;n;onycTI1Mble aMnmtTy

;D;bI COCTO,HHm=r. 11pVI 06blqHoM IlOCTpoeinIH .Hei.Io1mJI1>~bIX feopntt Bcer;n;a :036H-
:·; 
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paJICH nepm,ri1 nyT:&. Ho HaIOia;ztbIBaH Ha onepaTOPhl IlOJIH ;z{OilOJIHHTeJI:&Hbie 

ycnomrn, MbI Bcer.zta PHCKyeM BOfiTH B ltOHqJJIHltT C nepecTaHOBOqHI,IMH 

COOTHOmeHHflMH. lilMeHHO n STOM o6CTOflTeJI:&CTBe Mb! YCMaT_PHBaeM npvrqHHY 

_Hey.ztaq paccMaTpHBaBmHXCfl HeJIOltaJI:&HbIX TeopHi1; He cnyqai11rn, HanpHMep, _ 

qTQ TPY.z(HOCTli BapHaHTa KpHCTeHCeHa-MoJIJiepa-Enoxa/3/ OI-CaSaJIHC:& CBH

aaHHhlMH Kalt pas C HeKOMMyTaTHBHOCT:&IO onepaTopoB IlOJIH. 

06~aH H.z(efl npe.ztJIOJlteHHOro B/I/ MeTo;zta Kall: pas H CO~TOliiT. B TOM, 

qTo ,z(OJI~eH 6bIT:& Hs6paH BTOPOH nyT:&, He npHBO.z(fl~liH/I/ K Il0.z(06Horo 

po.zta TPY.z(HOCTflM. IlOSTOMY MOlltHO Ha.zteHT:&Cfl, qTo npe.ztJIOJiteH~bIH B/I/ Me

T0,1( .ztacT, B qacTHOCTH, B03MO,XHOCT:& IlOCTPOHT:& HenpOTHBOpeqHBYIO TeOpHro 

C HeJIOKaJI:&HbThl BSaHMO.zteHCTBReM. B STOH CBHSH HaM XOTeJIOC:& ()I,I OTMeTHT:&, 

qTO B nocne;ztHee BpeMH IlOflBJiflIOTCfl H HeitOTOpble ::mcnepHMeHTaJI:&Hbie Yita

samrn Ha He06XO.ztHMOCT:& BBeCTli HeJIOKaJI:&HOe BSaHMO.zteUcT1me. Ta1t, JIH 

H HHr/4/ o6HapyxHJIH He.ztaBHO, qTo aKcnepHMeHTaJI:&Hoe sHaqeHHe napaMeTpa 

Mliill0JIH npli pacna.zte _ft -M080Ha MOateT 6bIT:& nerKO 06'.&HCH0HO, eCJili 

BBeCTli HeJIOKaJI:&Hoe H.ztpo B tJ:eTblpexg)epMHOHHOe B8aHMO.z(eilcTBHe, npHtieM . 

06HsaTeJI:&HO BKJIIOtJ:aIO~ee COOTBeTCTBYJOmHe IlOJiflM c HH.z(eWHHHTHOH MeTpHKOH 

oTpm~aTeJI:&Hhle 1toscl}qiH~HeHThI C 11,,- • 

B SaICJIIOtJ:eHHe Mhl XOTeJIH C>hl no6naro.ztapHT:& H.H.Boronro6ona, ~eHHhlMH 

COB.eTa1m KOT~poro Mhl HM01!H BOSMOlltHOCT:& IlOJI:&80BaT:&Cfl, BIIllOJIHflfl STY 

pa6oTy. 
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